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ABSTRACT

FAMSNUBis a digital computer program, writtenin single pre-
cision FORTRAN IV for the Philco-Ford/1GE 265 time-sharing system,
to determine the eigenfrequencies and eigenmodes of vibration in
pure bending of loaded, piece-wise continuous sinole-span beams
supportPdin any one of the ten possible combinations of the fol-
lowing 2nd conditions: free, guided, hinged and clamp*ed. Gontinu-
ouslV variable beam properties may be accommodated by appropriate
subdivision of the span. The distributed MESS Of the beam itself
is taken into account by means of field transfer matrices; th is re-

presentsan advance over the usual lumped-parameter approach. To
preserve numerical 'accuracy at the higher mode values, a modified
transfer matrix method is employed. Verification Solutions have
been obtained on the I8V 360-50/65 using the double, precision
facility.
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FOREWORD

This report documents results obtained from project work
on task title "In-House Initiated Lab R & D" (DA Proj. No.
lTO6llOlA91A/Task Area O0/Work Unit No. 205EH) authorized by
Dr. E.N. Petrick, USATACOM Chief Scientist/Technical Director
of Laboratories. The project is intended to strengthen in-house
research capabilities and provide a methodology for dealing
with practical problems. The author extends his sincerest
appreciation to Dr. Petrick for the opportunity to perform
this work and to his senior colleague, Mr. Douglas J. Hack-
enbruch for the encouragement and assistance he has provided
during all phases of this project.
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INTRODUCTION

This work was initiated after a literature search revealed
that no generally applicable computerized solution for beam vibra-
tion eigenvalueshad yet been developed which took account of the
continuitv of beam properties. The analytical development con-
tained herein has been applied to piece-wise continuous beams tak-
ing account of bending only. Extensions which would include con-.
tinuous variation of properties, the effects of shear deflection
and rotary inertia, intermediate support conditions and response
to forcing functions are quite feasible.

Conventional numerical methods of determining natural fre-ý
quencies of transverse beam vibration generally employ variations
of lumped-parameter techniques. To account in a more refined way
for the distributed mass of the elastic system, field transfer
matrices, which will be developed in the following section, have
been incorporated into FAMSNUB and combined with point transfer
matrices to accommodate discrete loading. In addition to discrete
loading, step-wise variations can be accommodated in: uniformly-
distributed loading, beam material density, elastic modulus and
section modulus.

The source language employed should provide greater time-
sharing system compatibility insofar as no use is made of sub-
scripted subscriptsf mixed modes, variable name lengths exceeding
six characters nor of the double precision facility. To accommo-
date users of time-sharing systems, program length limitations
have been observed by subdividing FAMSNUB into 5 saved items deal-
ing with the conditioning of input data, eigenfrequency calcula-
tion (3 parts) and the computation of normal modes. This has been
accomplished through the employment of intermediate permanent file
storage and the SUSE monitor line.

The considerable numerical magnitude difficulties encountered
in evaluating 2x2 frequency determinants, which involve taking
the difference-between quantities which are several orders of mag-
nitude larger than the difference itself, are sidestepped by an

• adaptation of a method developed by Pestul & Leckie (1), pp. 204-
213.

FAMSNUB commences with the first non-zero frequency and pro-
ceeds continuously to the mode(s) of interest. However, a start
may occur at any frequency to investigate a resonance condition.
If the eigenmodes are also desired, a printout can be obtained
in four-column format of deflection amplitude, maximum bending
stress and average transverse shear stress, together with the
corresponding distance along the beam (Figure 27).



OBJECT

Develop a working method for computing the eigenvalues
and eigenmodes of transverse beam vibration, taking account of
the distributed beam mass in preference to employing a lumped-
parameter approach.
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PROBLEM DESCRIPTION

w
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Forces and Deflections for Beam Element

Figure 1

Field and Point Transfer Matrices

Consider an initially straight, piece-wise continuous beam

performing free transverse vibrations. Figurel shows an isolated

bearý element of lengthj between points (i-i) and (i), having

continuous elastic properties and a constant rate of inertia

loading- -• is the non-reactive loading per unit length due

to beam self-weight and continuous loading. The origin of the

coordinate plane, in which all vibration is assumed to occur,
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is to be considered as coincident with the left-hand support.

The sign convention is also revealed by Figure 1, which shows

positive, instantaneous values of the state vector components:

deflection w , slope \l/ (in radians), bending moment M and shear

force V . The uniform bending stiffness for this length is Fili ,

the product of the elastic modulus and the second moment of area

of the cross-section.

From simple bending theory, the fourth partial derivative

of w(xt) with respect to x is proportional to the rate of loading,

thus
El I4 wLx't) . (1)

T)X4

For a solution which permits eigenfrequency determination we write

w as the product of two single-variable functions

w(x,t) = W(x)sin ct (2)

whereW(x) is the dynamic amplitude and w is the simple harmonic

circular frequency; substituting into (1)

d 4 w .WA 2
Ex W 2 (3)

which becomes

d4Wd -m 4 W 0 (4)

where m= (5)

gV Ell
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Rewriting (4i) in LaPlace transform notation

4pýt(p)-p 3 W0- pIWOIPWg-W11 IM 4W(p) =0 (6)

wee-(P) =f 1 e Px~~0dxn L xO

solving W(p)= 4 M4 [ wo +ý 2 Wo+ PWOI+ WII '(7)

where ROý 1; R'%, EjIW"1 MF j;R~WI=

w0 =0, 1 - 0I O=itI

Makirig the appropriate substitutions and applying inverse-trans-

f orms:

W~)=cOSMX+CoshmxwR + sinmx+sinhmx, pR/
12 2m

+ coshmx-cosmx M, R sinhmn-sinmnx R (8)
2EjIim 2  1 2Ei11m3

W'(x)= L m(sinhmx-sinmx)WP + cosmx+COShmx \,yR.
2 2

+ sinmx+sinhmx MR + coshmx- Cos mx V
2EiIjM' - 2EjIjm2

L Eilimm2 (cosh mxCOS mx) Wý+ Eilim(sInhmx-sInmx) pRWIx i2 1 2 T_

+cosmx+co .Shm MR . i mx+sinhmx VR (0

2 2m11
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W'(X)= V Eilim 3(sinmx+sinhmx)WR + Eilim2(coshmx(Cosmx)
2 2

m(sinhmx-sinmx) R + cosmx +coshmx V (

2 2
R L.

Hence the relation of the state vectors Zi_!and Zi

on either side of an elastic field of length x can be stated

as
a ZL= FiZR (12)

Equation (12) can be represented in matrix notation as shown in

Figure 2. Fi is called the field transfer matrix which, by

taking the limit as m approaches zero, reduces to the well-

known transfer matrix for an elastic, massless field as shown

in Figure 3.

L

W x x2 x3 W

2EI 6EI

1'0 1 x X 2 \4,E- 2E--IX

M 0 0 1 x M

V . 0 0 0 1v
Ii i-I

Transfer Matrix for a

Massless, Elastic Field

Figure 3
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Frce Body Diagram for the Point Mass m.1
Figure 4

R L

w 0 0 0 w

0 I 0 0 '1'

M 0 0 I 0

V me 2  0 0 V

J L i L

Transfer Matrix for a Point Mass

Figure 5
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With reference to the free body diagram for the point mass

m. situated at point(i)as shown in Figure 4 , the state vector

components on either side of mri are related as follows:

wR wLI i

\i/,I= \j/ i

M 1= ML

V.i V.+miWi WI (13)

where c is the harmonic circular frequency. Thus a relationship

similar to (12) may be written

Z4i= piz• (14)

where Pi is the point transfer matrix. Equation (14) may be

written in matrix notation as shown in Figure 5.

Field 1 2 3 4 m
Load 1 2 3 n

Point 1 2 34 56 78 9 10 m+n m+n+l

General, Piece-wise Continuous Beam

Figure 6

The relation between the state vectors Zm4,and ZI at

each end of the generalized beam shown in Figure 6, having

m uniform elastic fields and n point loads will be of the form

Zm.n,= P FI'P 2, F2 F3 F4  - Fm--Z, (15)

= U'Z,



where the intermediate state vectors will have been eliminated by

multiplication of the transfer matrices Pi and Fi to form the

overall transfer matrix U • For the idealized end conditions

treated in this report two columns of U can be ignored, owing

to the two zero components of Z1 ; also two components of Zmn.i will

he zero, allowing the formation of a 2x2 determinant D.

A simple beammay be treated algebraically, in which case

the coefficients of D would involve functions of w . Solutions

for w, would be obtained from the eigenfrequency condition D=O.

Realistic problems demand a numerical approach in which W, is

surmised and the value of D obtained. If the latter is plotted

against w , the eigenvalues can be bracketed with reasonable accu-

racy. However, using only eight digits may give rise to pre-

cision problems at low frequencies even for simple beams. A more

generally applicable numerical approach has been adapted from

Pestel and Leckie, (ref. 1, pp. 204-213), referred to therein as

the "modified transfer matrix method". This method avoids evalu-

ating U and hence D by directly obtaining the two (ideally) zero

components of Zm*,n,. One of the two nonzero components Of Z,

is normalized to unity, the other being arbitrarily chosen. For

a given estimate of eigenfrequency, a single-valued frequency func-

tion R(w)can be obtained after two iterations. The first iter-

ation establishes the correction to be applied to the non-nor-

malized component of Z, as the arithmetic mean of the two ideally

zero components of Zmn, . These latter componentsare again ob-

tained and, at the eigenfrequency condition, will be zero; gpner-

ally, however, their difference, which is termed R(w) , will

be nonzero and can be considered analogous to the value of D at

a general w . This method has the advantage that numerical diffi-

culties arising from evaluating DQ, where the difference is

several orders of magnitude smaller than the minuend and subtra-

hend, havebeeneliminated. Thisprocesswas the principalerror

source, and, using the modifiedimethod, high eigenfrequencies of

complex beams can, be determined with reasonable accuracy with-

out recourse to the double precision facility.
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Conditioning of Input Data

In its time-sharing form, as mentinned in the Introduction,

FAMISNUB appears in 5 separate parts or saved items: EMB1O which

conditions the input data; EMB15 which in conjunction with EMB20

and EMB21 computes the eigenfrequencies and state vectors; and

EMB25 which computes the eigenmodes and stress values. The fol-

lowing description of FAMSNUB is made with reference to these

time-sharing component items, which will in turn be-illustrated

by a sample problem. This problem very nearly exhausted the core

storage capacity of the Philco-Ford system at the time of writing.

The beam dealt with is shown in Figure 7 opposite. Seven

parameters PAR(I,J),I=l,7 are considered to describe fully the

discrete and distributed loading systems and the beam's material

and geometrical properties as follows:

PAR(lJ),J=1,4 are point weights of 7,3,4 and 6 pounds posi.-

tioned 5.1,11.9,21.8 and 32.1 inches respect-

ively from the left-hand support.

PAR(2,J),J=l,2 are uniformly-distrituted loadings of 2 and

3 lb/in., applied over the lengths shown.

PAR(3,J),J=l,4 are the values of material density.

PAR(4,J),J=1,4 are the values of the elastic modulus.

PAR(5,J),J=l,3 are the values of area moment about the neu-

tral axis.

PAR(6,J),J=l,3 are the values of cross-sectional area.

PAR(7,J),J=l,3 are the distances from the neutral axes of

the various sections to the outermost bending

fiber.

13



NSUPP SUPPORT STATE VECTORS
s ' M14 CONDITIONS Z, Zm~n÷

1-

1 FREE-FREE 0 00 0

I -

2 FREE-GUIDED x --

0 0

Ul 1 0.
3 FREE-HINGED 0 0

-l 0 00

GUIDED- 1 0

GUIDED X ---

0 0

GUIDED- 0

HINGED X 0
0

0
________________ CLAMPED- 06 FREE X 0

o 0

HINGED- 
0 -

_ HINGED 0 0

.- 6

8 ~ CLAMPED- 0 -

HINGED 0

0-
9 CLAMPED- 0 0

GUIDED x -
1 0
0 0

10 11 CLAMPED- 0 0
CLAMPED X ,

End Constraints and State Vectors

Figure 8
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,I-- --
z z

EMB 1 ORW 7 0
NSS NOSUP Z NMSHP z G BMLGTH NPAR(I)

100 17 3 5 5 10 386. 36. 14 .5 4 4 3 3 31
105 $3.4 1.7 2.1 2.4 1.4 .9
110 ss(I) o.0 3.4 .8 2.7 2.1 2.,1
115 S 1.1 3.1 1.9 1.7 2.2
120 012 7 10o 1 2 3 4 51 { .2 3 4 5}
125 •.7000E 01 3 MINT(I) MSHP(I)
130 Z.3000E 01 7 PAR(,J)
135 .4000E 01 11
140 .6000E 01 16
145 .OOOOE 00 1
150 .2000E 01 2
155 .OOOOE 00 5 PAR(2,J)
160 .3000E 01 10
165 .OOOOE 00 15
170 .1000E 00 I
175 .3000E 00 4
180 .2000E 00 9 PAR(3,J)

185 .5000E-01 17
190 .3000E 08 1
195 .3500E 08 6 PAR(4,J)
200 .1000E 08 12
205 .3300E 08 14
210 .4500E-03 I
215 .5210E-02 8 PAR(5,J)
220 .1250E-04 13.
225 .6000E-01 1
230 .2500E 00 8 PAR(6,J)

255 .1500E-01 13
240 .1500E 00 1
245 .2500E 00 8 PAR(7,J)
250 .5000E-01 13)

Initial Data Set EMBOR

Figure 9
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The NOSUP=I0 different support conditions are illustrated

in Figure 8, each condition corresponding to a value of the sub-

scripted variable NSUPP. The state vectors Z and Zm~n÷i" are

given in forms corresponding to the requirements of the modified

transfer matrix method, i.e. the two non-zero components of Z, ap-

pear as unity and X , which represents the initial, arbitrary choice

of slope or bending moment as the case may be. For the sample

problem, three support conditions are chosen: NSUPP(1)=2 (free-

guided), NSUPP(2)=7 (hinged-hinged) and NSUPP(3)=10 (clamped-

clamped). The order of support condition can in general be ac-

counted for by taking the origin of x at the appropriate end;

thus if for the sample problem the initial support condition

had been guided-free, the right-hand end would have been taken

as the origin. It would be feasible for all ten conditions -to

be included in one run on a batch system, but for time-sharing

purposes the saved items EMB15/EMB20/EMB21 will terminate if the

eigenmodes and stress values are desired, and EMB25 will have to

be run separately. The input data are contained in file EMBIOR

as shown in Figure 9. EMB1O is shown in Figure 10.

EMBlOR Read by
Lines EMB1O Lines EXPLANATION

100 4-5 Line 100 will always contain 14
items, regardless of problem com-
plexity, as follows:

NSS is the number of subspans
into which the beam is naturally
subdivided by the point loads
and the discontinuities intro-
duced by the distributed quan-
tities. This is illustrated in
Figure 7, where the finer, ver-
tical lines denote the inter-
vals.

NOSUP is the number of support
conditions to be examined.

NMINT is the number of modes for
which the eigenfrequency is de-
sired.

16



NMSHP( 5 NMINT) is the number
of modes for which the shape
and stress values are desired.

NOINTP is a limiter for 'the num-
ber of interpolations to be per-formed in refining the eigen-

frequency value (=l0).

G is the gravitational constant.

BMLGTH is the total beam length,
to be checked against SSUM, the
sum of the NSS subspans.

NPAR(I),I=l,7 are the numbers
of the different values of the
seven parameters PAR(I,J) des-
cribed above. Thus there are
NPAR(1)=4 different values of
point weight, etc.

105-115 10-11 SS(I),I=l,NSS are the lengths
of the subdivisions shown in
Figure 7.

120 14-16 Line 120 will contain a minimum
of 3 items up to an indeterminate
maximum, depending on the program
length limitat-ions, as follows::.

NSUPP(I),I=1,NOSUP, are integer
representations of the support
conditions to be investigated
(refer to Figure 8).

MSHP(I),I=l,NMSHP are the modes
for which the deflection and
stress values are desired, in
addition to eigenfrequency. (If
no eigenmodes are desired, then
MSHP(l=NMSHP)=O).

125-250 23-27 The loading, material and geo-
metrical properties as shown in
Figure 7 appear in single-column
format together with the corres-
ponding value of IPAR(IJ), which
represents the number of the sub-
division at which the property
value occurs. Thus, the 3 lb.
point load (=PAR(l,2)) appears at
subdivision 7 (=IPAR(1,2)).

17



To verify that all input values have been read in from EMBlOR

properly, lines 6, 12, 17, 21 and 26 of EMB1O create the file

MBlOWl as an echo check (Figurel2). EMB1O will be discussed

with reference to the flow chart shown in Figure 11, which illus-

trates only the more involved steps in detail.

An error message (statement 153) will be printed out and

operationswill be terminated if SSUM, the total of SS(I),I=I,NSS

is not equal to the value of BMLGTH as contained in EMBIOR. This

will afford an extra check on the values of SS(I) as stored in

core during execution.

Statement 3 determines if a point load is present at the

left-hand support, i.e. if IPAR(1,1)=l. If not, statements 3-6

addazero mass at thispoint and shift the subscript J of PAR(I,J)

and IPAR(I,J) up by unity. Lines 62-66 similarly detect a zero

load at the right-hand support, necessitating PAR(1,NPAR1)=O.

The DO loops involving lines 67-85 distribute the continuous

properties PAR(I,J),I=2,7 over the whole beam, giving NSS values

of each property (refer to line 69). If, *say, two or more different

values of uniformly distributed load exist, the YES branch of line

70 is taken in order to assign the appropriate value of J such

that PAR(2,J) is repositioned at the correct subspan. Thus, for

the existing problem, PAR(2,4 )(=3 lb/in) as read in must become

PAR(2,10) and so forth. Subsequently these redistributed values

mustbe spread out over the intermediate subspans, e.g. PAR(2,10)

will be applied tosubspans 11-14. This is accomplished by lines

77-85. Referring to file MBlOW2 as shown in Figure 13, the pro-

perty values as redistributed can be seen; also note that 17 (=NSS)

values exist for each continuous property (I=2,7).

In order to establish an initial guess, to commence eigenfre-

quency computation in EMB15, an extreme range of wn is found in

line 102. The lower bound, Y, is based on minimum stiffness and

maximum distributed loading taken as continuous over the entire

span and using a guided-free constraint. The upper bound, X , is

based on maximum stiffness and minimum distributed loading, using

18



the clamped-clamped constraint. These values are entered in file

MBlOW3 as shown in Figure 14. Their natural logarithms are desig-

nated as FINCR, i.e. possible values for the initial increment.

The employment of these values is completely discretionary.

19



EIC 10 1-3: 53 FRI. 09/05/69.

I 4`F ILE EME1 I 9JR 9Mn 10W1 11B I W2 ,MBlI0V13
2 DI N ENSI ZN PR7 A(,0,IA.72)PRAC),AMNCSP2

E3A r ( It1,150) NSS p NSUP pNMI NT,11NtISHIP,IN 01NTP, G, BML GTH,(NWAR(I) , I= 1 7)
5 150 FOEMrA T(C4X, 515 2 F9.3,713)
C 'ITE (2 01 GO) %Nls p N 7SUP pNMI N T .11jrSHP .N 01NTP . G,.BMLGTH,(N PAR (I) tI= 1,7)
7 160 PFORMAT (2911 ECHO CHECK 0-7 INPUT-DATA/6X,4HNSS=,1I3,3X,
8 + 6HN0OSUP:,13 ,3X1, 6MWLeliINT=,I3,3X,6HNmsHP=,I3,3X,7HNOINTP=,I3/GX,
9 + 2H3,333,HH~H,831H NPAR VALUES, 713)
10 READ (1,151) CS(Is.r),=I:NSS)
-t F--15-+ F 0 R P A-(AX ;6-f7+0 -3-)

121 W]PITE (2),163) (SS(I),I=1,NSS)
i3 13 FRIIA(/C,,9HSS VALUES/(GX,-FIO.3))

14- READC1,,152) CNS'U'PP I), 1:1 ,N0SUP),(IIINT(I),I=1,NMINT),
1 5 + CrISIP (I I,=I: 1, ~1NSHP

1~152] F OR MA'74 X f1 c4)
17 WRITE (2, 164) (t,10SUP (NSUPP(I) I:1,NOSUP)),
":2 + (!,N"INT,(r1INtj(I),I=1,NMINT)),(NMSHP,(.MSHP(,I),I=:1,NMSHP))
1) 16-4 FORMIAT (/6iX',I12HNSUPP VALUES/GX,*14//6X,IIHMINT VALUES
'20 + /GX,*14//6X,IIH'MSHP VALUES/GX,*14)
21 WJRITTE (2, 168)
22 162 F0FW1AT(/G'Xi, 1911PAR AND 1PM? VALUES)
2.3 DO 200 I1:1#7
24, NPR= NPAR ( I

£5READ (1,154) (?AR(I,J),IPARCI,J),J:1,NPR)
f- WRILTE (2,165) CP0AR(I,J),IPARCI,J),J=1,NPR)
27 200 CONTINUE
2 1. 154 F0RMAT,(4X,EII.4,I3)
2:9 165 !V-RMAT(4(E11.4,I3)))
30 ENDEILE 2
31 WSUN:=0.
,3 2 NPAR I1=NPAR ( 1)
.33 DO 121 I=1,NPARI
7 4 121 WSUH=WSUM+PAR(1,-I)
.35 DO 122 1:2,6
136 NPARX=NPAR(I)
,37 P A I" IA X (1):=P A R( I tI
3 3 PARrlIN(I)=PAR(I,1l)
.39 IF (IPAR(I,,NPARX)-i) 12,122,12
40 12 Do 122 J=2,NPARX
41 PARMIN(I)=AMI!J 1(P'AP-MIN(I) ,PAR(I,J))
~42 1212 PARMAX(I)=AMAXI (PARMAXCI),PARZ(I,J))
43 SSUM=:O;-
44 WO 1 I=1,INSS
45 1 SSUM=SSUM+SSCI)
46 IF(ABS(BMLGTH-SSUM)-.-0001)3,3,2
47 2 PR'INT 1539-SSUM
43 153, FORMAT*(54H INEQUALITY OF BMLGTH AND COMPUTED BEAMLENGTH,
49 + LATTER:,FIO.3)
50 GOTO 99
51- 3 IF(IPARC1,1)-1)4,7.4
52 4 NPAR(1)=NpAR(1)+1
53 I4PAR INWAR(1I Program mEMB1O

Figure 10
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74 PAR(I I IPAr:"l'),=PAP,(I K)
75) 10 1:-
7,- It IPAP(I , IPAlX+1 )=NSS4-1

rnIpnr= I PP )+

r. I rII P A R Y P.AR ( II PAR X)
95 120 CINT~l~fjC
CC AV'flIT E .(4 I6I) (H.PAf(I)PI= 1 7)
C 7 IG1 GIF.IE(AT (61%,1IIIWPAfl VALUES, 713)

E; ý 15G F:ThlAT(/G'A,1I IHIPAR VALUES/7X,*14)

91 157 F:ThtIAT /6,IWU:E15.6j7H SSUM:,E15.8)
WrJITZ (3,169); 169, FRAT(5X,201[PROCESSED PAR VALUES)

t*3 DO 2~01 1= 1, 7

250I12~.ITE (3,155.) (PAR(IpJ),J=1,NpIR)
Sý 155 F3RrlIwT(GXf4E15.8).

V5EQMflI=(1:(WZI~l/SlUI+,PARMIN(2)+PAflIiIN(3)*PARFIIN(G))/G
0~Ef7:1Il (I: CSJli/SSUII+PAPIIAX(2)+PAflI.IAX'(3)*PARMAX6) ) /G

1o 00 cISTI=(P~ifIflA"'(4)*PARMAX(5)/(EQFýH01*SSUM**4))**.,5

102 m1T.I T Z( 1 (/,17) 'ý-47.70A2*C~tNS.T1,Y1.l571V'2*CONST2,,LOG(X)oL0G(Y)
023 167 1FJ1dIAT(/5411 EXTREME RAN~GE OF IST/ZND MODE CIRCULAR

j4+ FT~liY1UZ2IC\'/.ZE15.G/GHFI NCR=. F7.40 I H OR FII4CR=,F7.4)
105 ENLDFILE 4
JOG SýF CJ~TINU1E
107 "O.PT SIZZ.

Lf11G TI I-
AVO!UT 3300 CIAflSO
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REA PRN ERRMESG
E M8 1OR

lIJRITE4
ECHO CHECK~ IN NA()5PR(1+

MB 1pOU1

COMPUTE: tdSUM=SUM OF POINT LOAlDS
1=22,NPflR1

COMPU-'TE: EXTREME VAgLUES OF

COMPUTE: SSUM=SUM OF SUBSPAN ~ 51ITEMP(I)=IPAR(1,I-1)
LENGfTHS i

E3MLT =SUMPTEMP( 1) =0
ITEMP(1)=1!

8 NPAR(1)=NP/AR(1)+1; NPAR1+NPAR(1) = PIAR(1,I)=PTEMP(I-)-]

IPAR(1,NPAR1)=NSS+'l; PAR(,1,NPAR1)=OIg(,)IEP

9- DO 120
1=2,7

INPRXXINPR(II)

IPINPAR(I J-1)-IN RI S1

'Figur 131

NPAR > 1K 
=NP RX D022



135

LIM=ISEP-1

jIPflRX=IPAR(I ,a)

DOl 120

L=1,LIM

IPARY=IPAR(I ,J)±Ld
PAR(I,IPARY)=PAR(I,IPARX)

120 FCEOTINUEJ

WRITE

IiSUM & SSUM IN
vM1fl1W3

WRITE
PROC E SSED PAlR VA~LUES

log Y(=FINCR) IN

23



MBIOWI 17:42 WED. 09/03/69.

ECHO CHECK OF INPUT DATA
NSS- 17 NOSUP- 3 NMINT- 5 NMSHP- 5 NOINTP 110
G= 386.000 BMLGTH- 36.000 NPAR VALUES 4 5 4 4 3 3 3

SS VALUES
3.400 1.700 2.100 2.400 1.400 .900
3.000 3.400 .800 2.700 2.100 2.100
1.100 3.100 1.900 1.700 2.200

NSUPP VALUES
2 7 10

MINT VALUES
1 2 3 4 5

MSHP VALUES
1 2 3 4 5

PAR AND IPAR VALUES
.7000E+01 3 .3000E+01 7 .4000E+01 11 .6000E+01 16
.OOOOE+01 I .2000E+01 2 .OOOOE+01 5 .3000E+01 10
,OOOOE+01 15
.IO00E+00 1 .300OE+00 4 .2000E+00 9 .5000E-01 17
.3000E+08 1 4 3500E+08 6 .O100E+08 12 .3300E+08 14
.4500E-03 I .5210E-02 8 .0125E-03 13
.6000E-01 1 .2500E+00 8 .1500E-01 13
41500E+O0 I .2500E+00 8 .5000E-01 13

Permanent File MB1OW1

Figure 12
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~~. ; o.S~ .1., VALUES
PAR(lJ$ :0003E0 . 7 0900,0001E+01I, .30000000E+01 oAOOOOOOOE+O1

oG`ý0'00+0 o DC 00211000E+01I
* 0000r0300E+01 .20203100C07+01 o200000007+01 .200000002+01
o 0 00 03ý0)00 E+ 01 -.. 0C300002E+01 OOOOOOOO0E+01 -o000000002+01

PAR(2 pJ) . 0032 -0 00 0E+ 01 .300n00000E+01 .30000000E+01 .300000002e+01
.3cfDDOEO1 .303000002E+01 .00000000E+01 .OOOOOOOOE+01

.00900 030no2+0 1

.1001100000i27+00 .100000007-+00 .10000000E+00 .30000000E+00
.3030COOon+oo .30000000E+00 .300000002+00 .30000000E+00

PAR(3,.J) .2C'D0 0 0'D0002+0)0 .10 0 0 00 00 E+ 00 .20000000E+00 .20000000E+00
.230000002+0n0 .2000050002+00 .20000000E+00 .20000000E+00
.5 nnno C0 -1
.3003W0000208 .30oo0000002±0 .300000002-+02 .30000000E+08
.3000000027+0E .35000000E+08 .3500030007+08" .350000002+08

PAR(493) .35.0000002+021 .3 50 00 0 00E+0C .35000000E+08 * 100000002+08
.100000002,+08 .33000000E+08 .33000000E+03 .330000002+08
* 33 000000 E+08
.450000002-03 .450000002-03 .450000002-03 .450000002-03

I.450000002-03 .A5000000E-03 .450000002-03 .52100000E-02,
PAR(5,J) .521090002E-02 .521000002--02 o52100000E-02 .. 52100000'--02

I.01250000E-03 .012500002-03 .012500002-03.0200-3
o01250000E-03
.60000000Eý-01 .60000000E-01- .600000002-01 oG0000000E-01
060000000'"-01 .60000000E-01 .60000000E-01 .25000000E+00

PAR(6 ,p ) .250000002+ .00 .25000000E+00 .2500000-OE+00 .250000002+00
I.15000000E-01 .15000000E-01 .150000002-01 .15000000E-01
.15,0000002-01.

I .15000000E+00 . 15 000000E+00 .15000000E+00 * 15 0000002+00
.150000002+00 * 15000000E+00 .15000000E+00 .250000002+00

PAR(7tJ)~ .250000002+00 .25000000E+00 o.25 00 00 0 0E+ 00 . 250 0 0 00 0 +0 0
.500000002-01 .500000002-01 .500000002-01 .5000000072-01
o0000000E-01 Permanent File M~lOW2

Figure 13,
MBGV IO -17s44 VED. 09/03/69.

NPAR VALUES 6 17 17 17 17 17 17

IPAR VALUES
1 3 7 11 16 18

WSUM: .20000000E+02 SSUM= .36000000E+02

EXTREME RANGE OF 1ST/2ND MODE CIRCULAR FREQUENCY
91941.8117E+03 .21953789E+00

715CR: 5.2688 OR FINCR=-1.5162

Permanent File M0lOhJ3

Figure 14
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Computation of Eigenfrequencies and State Vectors

The saved items EMB15/20/21 accept the data conditioned by

EMBlO and compute the eigenfrequencies and state vectors for each

MINT(I) and NSUPP(II) without interruption until the problem is

completed. If eigenmodes or further refinement of particular

eigenfrequencies are desired, however, execution may be terminated.

For efficiency, solutions may begin at any value of guessed fre-

quency and any mode at the discretion of the user. Array storage

requirements have been minimized by this restart feature; thus

when 30 values of frequency FREQ(I) have been computed and used

to determine the corresponding frequency function DIF(I) and more

are desired, execution is recommenced by the user with the index

I reset to land employing the previous frequency as FREQ(l). If

the current MINT=MSHP(IN)f , i.e. the eigenmode is desired, the re-

quired data corresponding to the eigenfrequenoy as computed after

ten interpolations are entered into file MB15W1 and linked file

MB15W2/MB15W3 by EMB20 and the message "RUN EMB25 FOR MODAL VALUES"

is printed.

The flow chart of EMB15 is shown in Figure 16 and the program

itself appears as Figure 15. The input is largely from.permanent

files EMBOlR, MBlIOW2 and MBlIOW3. Terminal-supplied input (lines

48-50) is confined to values which implement the restart feature.

Files Read by EXPLANATION
EMB15 Lines

EMBlOR 10-22 Refer to "Conditioning of
Input Data".

MBlOW2 30-38 Refer to Figure 13.

MBIOW3 24-26 This input furnishes the.
number of point loads to be
considered, including vir-
tual loads, if any. (NPAR
(I),I=2,7 are all =NSS)
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MBIOW3 40-42 The subspans corresponding
to each point load, IPAR(l, J)
are needed for the computation
of point transfer matrices.

Initially and when reentry into the program is attempted a

message is printed requesting seven parameters from the terminal:

1) II is the index of the support condition NSUPP and can be

changed at will to allow, for example, an investigation for eigen-

values within a given frequency range for various end constraints.

2) IM & IN are the subscripts of MINT and MSHP respectively and can

be set independently to allow the determination of an eigenfre-

quency of interest for other than MINT(l).

3) NMODE denotes the mode currently being investigated.

4) FREq(l) is the initial frequency to be used as a starting point

in the spectrum under examination.

5) FINCR is the natural logarithmic increment of frequency to be

added to FREQ(l) and may be either arbitrary or drawn from the

extreme range of values as computed by EMB10. Negative values

must be avoided.

6) IND(I) indicates the polarity of the frequency function DIF(I)

(=R( w)); i.e. IND(I)=l if DIF(M) >0, otherwise IND(I)=2. IND(I)

is needed to initialize the procedure in EMB20 for detecting po-

larity reversal, i.e. if (IND(I)-IND(I-1)). The user will initi-

ally not know the sign of DIF(l) and thus a restart may be indica-

ted if the wrong choice is made.

In line 42 an arithmetic statement function is defined which

represents the procedure for interpolating between the previous

frequency, FREQ(I-1) and FREQ(ICROSS), the last frequency corres-

ponding to a DIF value of different sign.

In lines 52-54 the frequency-independent B(J),J=I,NSS are

computed for use later .in establishing field transfer matrices.

Lines 58-68 set FRQN(1)=O for the first four support conditions

and increment IM and IN to 2 (if MINT(l)=l through oversight). The

SS(OI values have not been included in B(O) as an expedient for
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saved item EMB25, which reads the COEFM(J) and further subdivides

the subspans; thus it is desirable that T (=COEFM(J)=B(J)*FREQ(I)**Y2)

does not involve SS(J) at this stage. If, at line 56, NMODE>2, the

immediately preceding eigenfrequency will be supplied at the terminal.

This is utilized by EMB20 to compute a FINCR for the ensuing mode,

i.e. for NMODE+I.

In line 72, FREQ(2) is determined exponentially; arithmetic in-

crementing would be less efficient in the preliminary detection of

eigenvalues. Care should be taken not to supply FRQN(1)=O to avoid

an execution error in connection with the intrinsic LOG function;

Statement 16 is a computed GO TO which initializes the first

state column vector STAMAT and correction column vector CORMAT accor-

ding to the support condition. Thus for the guided-free constraint

(NSUPP(1)=2) the initial vectors are:

STAMAT 1 = 11 1 0 01 (16)

CORMAT1 = 10 1 0 01

Here the free-end deflection is normalized to one inch and the slope

chosen as unity. Lines 84-128 establish the transfer matrices, in-

dices K and J being incremented at each point load and elastic field

respectively. Figure 24 illustrates how the K and J values are assigned

for this beam. Whenever J=IPAR(1,h) a point transfer matrix is com-

puted in lines 88-90. If, subsequently, NSS<IPAR(lh), (line 92)

then matrix computation is completed for FREQ(I) and control passes

to EM021 to obtain the state vectors and correction factor by chain

multiplication; otherwise computation of the Jth field matrix is in-

dicated-.according to Figure 3 if the field is effectively massless

(i.e. if PAR(3,J)<.U001) or Figure 2 otherwise. The .argument. of

the natural trigonometric and hyperbolic functions assumes its larg-

est value at S5(13), i.e.- ARG = .097724w Y and the largest per-

missible argument = 11761 , which corresponds to Wmax =517 kHz approx-

imately. Argument magnitude difficulties may be present with beams

-having longer and more compliant elastic fields. In such cases a

virtual load could be inserted at midspan, thus halving the argument.
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For example, the natural frequencies in pure bending of a 1" square

uniform aluminum beam 25" long and clamped at each end, as reported

in Reference 2, were corroborated to nearly 27 000 rad/sec (until

the argument exceeded 11761 ).

EMB21 appears as Figure 17 and is charted in Figure 18. Its

function, as an item which is compiled with EMB20 and EMB25, is to

obtain the intermediate and final state vectors (STAMAT(J,M,1),

J=2,NSS+NPAR(1)+l),K=I,4 and the elements of the correction vector

CORMAT(J,h,l). At each FREQ(I) as mentioned previously two itera-

tions are needed to obtain DIF(I); ITER=O causes both vectors to

be computed in lines 154-160. If ITER=l only STAMAT is recomputed.

By the computed GO TO in line 162 the components COR1 and COR2

of the correction term COR are obtained in accordance with the sup-

port condition. Thus for this beam slope and shear force at the

right-hand support are ideally =0, causing M=2 and N=4. COR1 and

COR2 are obtained from the relationship

STAMAT(LIM+I,2,1)+CORl*CORMAT(LIM+I,2,1)=O
=\I/m+n+l (17)

STAMAT(LIM+I,4,1)+COR2*CORMAT(LIM+I,4,1)=O

Vm+n+l (18)

The correction term COR is taken as the arithmetic mean of CORl

and.COR2 and is applied in statement 105 to the left-hand slope,

the other elements of Z1 remaining the same. ITER is now made =1

and statement 300 is reentered. After the recomputation of STAMAT,

exit is made to statement 119 in either EMB20 or EMB25 as appro-

priate" In EMB20 (refer to Figures 19 and 20) statement 1l? com-

putes the frequency function as the difference between, the compo-

nents of Zm+n+ (which should be zero at the eigenfrequency). Ac-

cording to {i} this difference is to be taked- as CORl-COR2, but

this involves magnitudes that become progressively smaller as NMODE

increases. This results from the growth of the CORMAT elements

with NMODE, causing the graph of DIF vs. FREQ to flatten out. In

some- cases this may hinder eigenfrequency determination if suffi-

ciently severe.
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Statement 80 causes control to branch to 84 if interpolation

is not being performed, i.e. if the frequency axis has not yet been

crossed for the current NMODE=MINT(IM). The test for polarity re-

versal of DIF(I) is statement 84-the YES branch being taken to ob-

tain additional DIF values until a reversal does occur, whereupon

the current I is retained in MAX to preserve IND(I) and also allow

frequency incrementing to commence with FREQ(MAX) after all inter-

polations are completed. The first approximation to FRQN(NMODE) is

a linear interpolation between FREQ(I) and FREQ(I-1) and is printed

by lines 21and23. After this first axis crossing, if NMODE=MINT(IM)

the YES branch is taken to 97 and ten (=NOINTP) further interpola-

tions are performed to refine FRQN. I-1 is retained in ICROSS to

preserve the FREQ value previous to the axis crossing. The first

approximation to FRQN(NMDDE) is put into FREQ(I+l) and control is

returned to statement 16 in EMB15 to obtain the corresponding DIF.

Interpolation proceeds until INTERPŽNOINTP, at which point the final

value of FRQN is equated to the current FREQ. If a sign change in

DIF occurs during interpolation and INTERP< NOINTP, then lines 37

and 39 assign the current I-1 to ICROSS and control is returned to

EMB15.

If the current eigenfrequency was the last to be determined,

i.e. NMODE=MINT(NMINT), then statement 133 determines if the eigen-

mode is also required, i.e. if NMODE=MSHP(NMSHP). The NO branch

from 133 leads to the question of whether or not all support condi-

tions have been investigated, i.e. if NOSUP>II. Here the NO branch

indicates problem completion, a notice to this effect'being printed

by statement 134; otherwise 139 causes a request to be printed for

the new NSUPP, and control is returned to input statement 12 of

EMB15. The YES branch from 133 causes all data needed by EM525

to be entered into permanent files MB15W1 and MB15W2/MB15W3 by lines

79-99. This-involves the state vectors STAMAT and all transfer ma-

trices BMAT; format statements 75, 76, 78 and 79 arrange the ele-

ments to facilitate visualization of the matrix multiplication (refer

toFigure 21 which shows the first five state vectors for the fourth

eigen-frequency of 156.7256 rad/sec (=24.944 Hz)). MB15W1lis shown
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in Figure 22. FRQN(NMODE) is added for completeness and FINCR will

be required when EMB15 is rerun.

Lines 59-77 establish the new increment for the succeeding NMODE

on the basis of support condition and the value of NMODE. Thus

for NMODE=l or 2 and NATSP=l,2,3 or 4 there exists no FRQN(NMODE-1)

as required by statement 72, causing FINCR=.l. Otherwise statement

72 assigns a value to FINCR based on the log ratio of the current to

the previous FRQN if NMODE=2; if NMODE=l for NATSP=5-10 then FINCR=.l.

After FINCR has been determined by statement 70 or 72 it is recorded

in MB15Wl if the eigenmode is desired, otherwise'line 73 increments

I, IM and NMODE. The IND(I-1) and FREQ(I) values are based on IND(MAX)

and FREQ(MAX).

Figure 23 shows the results for NMODE=NATSP=2. The sensitivity

of DIF to FREQ is quite apparent at I=19 and 20, where 9th and 10th

place differences in FREQ cause an 80.2% decrease in DIF.
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F Ml:;15 13:204 WED. 09/03/69.

"<F'ILTE ENB10R ,MSIOW,,!BI1OW3,MvBl5WI ,MB15W2/!1B15W43
41 D I NlF 1SI 1 M BMA T(23 9 t4) , CEFM ( 17) 01FRE QC(30),01DI F (3 0) 1ND (30)
r + FRQN4(30),MINT(30i,MS4P(30),NSUPP(10),?.IPAR(7),13S(17).
9 + ?AR(7,20),IPARC1,20),B(17),STAMAT(24,4, 1),CORMAT(24,4, 1)
10 READ (1,290) NSS, O~jNIN,,mHONPr
12 290 FOR,'AT (4X,515,F9.3)
14 READ (122 ss(I),I:1,NSS3)
16 29? FO~RMAT (4X,6F10.3).
13ý RFAiD (1,291) (NqI!PP(I),I=1,NOSIJP),(MINTCI),I=INMINT),
70 + (M~SqP(I),,I:1,N'M1S4P)
?2? 291 FOIRMAT (4X,16I4)
24 READ(3,293) (NPAR(I) ,I:1,7)
26 293 FORM1AT (17X,713)
29 RFAD(2)
30 DO 294 I107
3?ý NPR:NPARCI)
34 NPAR1=NPAR(1)
36 294 READ (2,295) (PARCI,J),J:1,NPR)
39 295 FORMAT (6X,4E15.9)
40 READ(3,,297) (NPARI,(IPAR( 1,), 1:1,NPARI))
42' 297 FORMATC//7X,*14); RCI):-ABSCDIF(I-1 ))/CABS(DIFC I-i))
44 + +ABSCDIF(ICROSS)))*(FREQ(I-1)-FREQCICROSS))+FREQ(I-1)
46 LIM=NSS+NPAR(1); 12 PRINTp INPUT VALUES OF II,IM,IN,NMODE,FREQ(1),
43 +FINCR AND INDCI)"; INPUT,IIIN1,INN!MDEFREQC1*),FINCR,-IND(1)
50 NATSP=NSUPP(II); ITER=INTERP:0; 1=1
52 DO 11 J=1,1NSS; 11 B(J)=(CPAR(2,-J)+PARC3,J)*PAR(6,,JD/
54 + CG*PAR(4,J)*PAR(5,J)))**.25
56 IF(NM0DE-1) 201,201,202; 202 PRINT 203,pFRQM( MMODE-1 ,"
5F 203 FORNIAT(12); INPUT, FRQN(NMODE-1); GO TO 15
60 201 GO TO(13,,13,13,13,,15,15,15,15,15,15), NATSP
62 13 FRQN(1):0.,
64 N~MODE=2
66 IF(MINTCI)-1) 15,2009115
t6F 200 IM=IN=P2
70 15 I=I+1
72 FREQ(I)=EXP(LOG(FREQ(I-1))+FINCR)
74 16 GO TO (25,25,25,26,26,28,29,29,29,28), NATSP
76 25 STA'IAT(1,1,1)=STAMAT(1,2,1I)=l.; GO TO 27
7F 26 SJTAM1AT(I1',f1)=STAMAT(1,3,1)=1.; GO TO 32
80 28 STAMAT(1,3,.1)=STAMvAT(1,,4,1I)=i.; GO TO 32
92 29 STAMAT(1,,2,1)=STAMAT(1,4,1)=1.; 27 CORMAT(1,-2,1l)=1.; GO TO 39
?4 32 CORMAT(1,3,1):1.; 39 K=1; J=0; 17 J=J+1
86 .IF(J-IPAR(1,K)) 23,20,23
33 2000O22 L:1,4; 22 BMAT(J+K-1,,L,L)=1.; BMAT(J+K-1,4,1)=PARCIK)
90 + *FREQ(I)**2/G
92 IF(NSS-IPAR(1-,K)) 24,19,19; 19 K=K+1
94 23 N.=J+K-1;.EI=PAR(4,Jj*PAR(5,J); IF(PAR(3,,J)-.0001) 50,5,6
96 5 C0EFMCJ)=0.; DO 2 L= * ,4; DO I M=194; I BMAT(N, LM)=0.
98 2 BMAT(NL,L)=1.; BMAT(N,1,2)=BMAT(N,3,4)=SS(J)
100 BMAT(N, 1,3):BMAT(N,2,-4)=SSCJ)**2/(2.*EI); BMAT(N,-2,3)=SS(J)/EI
102 BMAT(N.1.4)=SS(J)**3/(6.*EI); GO TO 17

Saved Item EMB15

Figure 15
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104~ 6 T=CPFF1(,J)--B(J)*FRFI(1)**.5; ARG=T*SS(J
106 U=(FXP(.AHG)+FXC-ARG))/2.: V=CO)S(ARG); W:U-V
10? X=(FEXP(ARf,)-EXP(-ARG))/2.; Y:SIN(ARG); Z=X-Y

114 3MIAT(N, 1 3)=:R9AT(N,?, 4) :W/(2,*EI*T**2)

11? BM1AT(rM, 1, 4)=Z/C2.*EI*T3)=TZ

120 BMiAT(N1,?-,3)=(X+Y)/(2.*EI*T)

P14 BMAT(M , 3,2):EI*T*7/,?
12S B M A TC( !,4 , I):I*T**,-3(x +Y)/2.
129 GO TO 17
130 24 t)USE P'1320

LF N) GH
ABOUT 3000 CMARS.
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Flow Chart of EMB15

Fig~ure 16

S REIAD
EM01OR
MB1EIOi2
MBlOW3

INPUT
I IIM, IN, NMODE,/

& IND(l)

I DEFINE flSF FOR
INTERPOLATED

FREQUENCY, R(I)

JITER=INTERP=Ei

CDO 
11

J=1,NSS

[B(J)= 4 -R2:)PAR(3,J)*PPAR(6,J)

20

4\ NPATSP9

27 7



N
29)

32

25

LaRMgT(1, 3, 1) =1.

27 39

ELRMgT(1 ,2, i>i h=1

J=EJ

BMMTGIi�K,1,Lf)= �gR(1 ,Ii)*FREU�jI)**2B

24
no

CRjE�ŽIFgp(1 H) LJ�E EMfl2LI

37



EMS 9- 1 4:39 SAT. 09/06/69.

150 300 no 310 J=1,LIM; DO 310 M=:1,4; STAP1AT(J+1 P1 1)=O.
152 IF(ITER) 310,1S0,310; 180 CORMAT(J+l,M,1)=0.; KIO CONTINUE
154 no 340 J=1,1LIM; DO 340 M=10,4; DO 340 N=1,4
156 STAMAT(J+1,M,1)=STAMAT(J+1,M,1)+STAP1ATCJ,@J,)*BMAT(J,-MN)
158 IFCITER) 340,350,340; 350 CORMAT(J+1,M,1)=CORMATCJ+1,M,1)+
160 + COR MAT( J. NO l)*BMAT(J9 Mp N) ; 340 CONT INUE
162 10 TO (113 114 115 114 15 131,1,141),NATSP
164 113 M=:3; N--4; 60 T6 114
166 114 M1:2; N=4; GO TO 118
168 115 M=:1; N=3; GO TO 118
170 116 M=:1; N=2;.118 MFITER) 119,121,119; 121 CORI=
172 + -STAPIAT(LIM4-1,M,1)/CORMAT(LIMIFlM,1)
174 C0R2=-,STAMAT(LIM4-1,N,1)/CORMAT(LIM+lN,1)
176 COR:-(-C0R1+COR2)/2.
178 GO TO (1050105,1050106 106t106,105#106,1061,106),NATSP
180 105 STAMAT(1,2,1)=STAMAT(1,2,1)+COR; GO TO 330
182 106 STAtIAT(1,3,1)=STAMAT(1,3,1)+COR; 330 ITER:!; GO To 300

Saved Item EMB21

Figure 17
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Flow~ Chart of EMB21

Figure 18
EMB2 0
[EMB25

3001 9 635
DO 310 ATP

1808
CC~TJ1 ,IM, 11 10=11

10 106 10 =ý
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]=1MT(~ LIM BTA T 112 1)+EI no~fA( 19 CD

DC30ITER=OE120

noM ITER=D 2

1805 yes PT:CR)O2
CURCT(÷1MAT,1,=0M, 

4±,M1

* CONTINUE 3NAS6
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EMB20 .19402 MON, 08/18/69.

1 $USE EMB21
3 119 DIF(I)=STAMAT(LIM4+1,-M,1)-STAMAT(LIM+I Rol); ITER=0
5 PRINT 401, DIFFERENCE VALUEC ,I,"): ,DIF(I)," FREQ:",FREQ(I)
7 401 FORMAT(12,2EI5.8)
9 IF(DIF(I)) 81,81,83
11 81 IND(I):2; 0O TO 90; 83 IND(I):1
13 80 IF(INTERP) 125,94,125
15 84 IF(IND(I-1)-IND(I)) 96915P96
17 96 MAX=I; FRQN(NMODE)=ABS(DIF(I-I))/(ABS(DIF(I))+ABS(DIF(I-1)))
19 + *(FREQ(I)-FREQ(I-1))+FREQ(I-1)
21 PRINT 402,A -ROUGH FRQN( £NMODE,")="FRQN(NMODE),"-
23 + FRQN(NMODE)/6,21832,"HZ 9^^; 402 FORMAT(I2,2E1.08)
25 IF(NMODE-MINT(IM)) 135,97,135
27 97 INTERP~1; ICROSS:I-1; PRINT 403, ICROSS; 1:1+1
29 FREQ(I)zFRQN(NMODE); GO TO 16
31 403 FORMAT(7HICROSS=,I4/)
33 125 IF(NOINTP-INTERP) 131,131,126
35 126 IF(IND(l)-IND(I-1)) 130,137,130
37 130 ICROSS:I-1; PRINT 403,ICROSS; 137 1=1+1; FREQ(I)=R(I)
39 INTERP=INTERP+1; GO TO 16
43 131 FRQN(NMODE)=FREQ(I)
45 PRINT 405 A FINAL.FRQN( ,NM0DE,"):,FRQN(NM0DE),= ",FRQN(NMODE)
47 + /6.2832: HZ"," INTERP: ,INTERP; 405 FORMAT(I2.2E15.8,I3//)
49 INTERP:0
51 IF(MINT(NMINT)-NMODE) 133,133,135; 133 IF(NMOD*E-MSHP(IN))132,74,132
53 132 IF(NOSUP-II) 134,134,139; 139 PRINT,' BEGIN NEW SUJPPORT
55 + CONDITION"; GO TO 12
57 134 PRINT,"PR0BLEM COMPLETED"; GO TO 304
59 135 IF(NMODE-2) 136,136,72
61 136 60 TO (70,70,70,70,71,71,71,71,71,71). NATSP
63 70 FINCR!.1
65 IF(NMODE-MSHP(IN)) 73,74,73
67 71 GO TO 1(70,72),NMODE
69 72 FINCR:.1*LOG(FRQN(NMODE)/FRQN(NMODE-1))
71 IF(NMODE-MSHP(IN)) 73,74,73
73 73 1:1+1; IM:IM+1; IND(I-1)=IND(MAX); NMODE=NMODE+1
75 FREQ(I)=.EXP(L0G(FREQ(MAX))+FINCR)
77 60 TO, 16
'79 74 WRITE (5,75)1 '75 FORMAT(59X,'9HSTAMAT(1))
81 WRITE (5.76) (STAMAT(1,M 1),M=104); 76 FORMAT (57X,E14.8)
83 DO 77 J=1 LIM; WRITE (5,78) J J+1
85 78 FORMAT(/5HBMAT(,12,IH),51X,7HSTAMAT(,12,IH))
87 DO 77 K=:1,4; WRITE (5,79) (BMAT(J,K,L),L:1,4),STAMAT(J+1 ,K,!)
89 79 FORM'AT(4E14,8,X,El4,.8); 77 CONTINUE; ENDFILE 6
91 WRITE(4.69) NP1ODE,MINT(NMINT),II,NATSP,FRQN(NMODE),
93 + (CORMAT(1,M,1),I1:1,4),(J,COEFM(J),J=1,NSS)
95 69 FORMAT(6HUMODE=,12,14H MINT(NMINT)=,12.5H 1I=,I2,
97 + 9H .NATSP=,I2,7H FRQN=,E15*9/9HCORMAT(1),4F4.1
99 + /(6HCOEFM( ,I2,3H)z ,E15.8)); ENDFILE 4
101 PRINT., "RUN EMB25 FOR MODAL VALUES"
103 304 CONTINUE
105 $OPT SIZE
107 END Saved Item EMB20

Figure 19
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Flow Chart of EMB20

Figure 20

119$USE EMBl

DIF(I )=STAMpAT(LIM+l ,M, 1)j PRINT
-ST\MIAT(LIM+l,N'I) ICREISS

*13712
*ITER=0 I=I+i

PRINTFREQ(I) R(I)
DIF(),FRQ(IINTERP=IJ'JTERP +1

816

InoT80 Pno 131
84ITEP0 5FR[QN(NMODE)=FREQ](I) 125

961 noPRINT
FINA~L FR~qr(NMDDE) &

TNTERP

FCOMIPUTE FRQ.N(NMODE) NTR=

iRN IMOD) n NOE

-NMEJDE=MINT(M)' 135 NMD=VSPUN) Y" 74

yes

/ TPRINT

,CROSS=I-

IFREq(I)=FRQN(NMOD.E) EMB15 'BEGIN NEW SUPPORT
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72
135__ye FR UQ\I( NMODE )

NMD 2FINGR=.l*lii~~~~rdoE1

(NMODE=MSHP(IN) 73
yes

4 2 WRITE

70 NODE& HMA-T(],K, L). IN

R=.lMD15 W2/MH 15 W3

\.NMODE=MSHP (IN WRITE
73 noNMEDE ,MINT(NM.INT),
I=I+1 II ,NATSP,FRrQN(NMOiDE),

/EU"RMAT (1, M, 1) , CUEFM (J)
i IN MB15W1

IND(I-1.)=IND(MAX)

DI=IM+1PRINT

FRE(I 1ln(FREQ(MAX) )+!FINCR) "RUN EMB25 FOR MODDAL VJALUESII

16 E-ND0
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MB 15WI 10:45 TUE. 09/23/69.

NMODE= 4 MINT(NMINT)= 5 II: I NATSP: 2 FRQN: .15672561E+03
CSRMAT(M) 0.0 1.0 0.0 0.0
COEFM( D)= .72925182E-01
C0EFM( 2)= .31183327E+00
COEFM( 3): .31183327E+00
COEFM( 4): .31229857E+00
COEFM( 5): .95974937E-01
COEFM( 6): .92346649E-01
COEFM( 7)= .92346649E-01
COEFM( 8): .71525685E-01
COEFM( 9)= .64630752E-01
COEFM(10): .18062243E+00
COEFM( Ii)- , 18062243E+00
COEFM(12)= .24705218E+00
COEFM(13)= .I1.19480E+01
COEFM(14)- .82500390E+00
COEFM(15)- I14667209E+00
COEFM(16)- .14667209E+00
COEFM(17)= .10371283E+00

.Permanent File MBI5WI

Figure 22
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EMI 15 1q 09 WED. 09/03/69.

IN EM320I." ENR2 l
IN E", B?,9
SIZE AT L•E •• 105, 3009, 1•10, 0

INPUT VALUES ýF !I,IM,IN,,NMI0DE,FREQ(1),FINCR AND IND(l)

FRQN( 1):
? ?0.
DIFFERENCE VALIJE( 2): .21752719E+01 FREQ: .61070138E+01
DIFFERENCE VALUE( 3)= .31549069E+01 FREQ= .74591235E+0I
DIFFERENCE VALUIE( 4): .43915609F+01 FREQ: .91105939E+01
DIFFERENCE VALUE( 5): .5-7_92241E+O1 FRFQ: .1.1127705E+02.-,
DIFFERENCE VALUEC( 6): .70911595E+01 FREQ: .13591409E+02
DIFFERENCE VALUE( 7)= .75630462E+01 FREQ= .16005S4E+02
DIFFERENCE VALUE( 8)= .59732824E+01 FREQ= .20275999E+02
DIFFERENCE VALUE( 9)= .35757613E+00 FREQ= .24765162E+02
DIFFERENCE VALUE(IO)= -. 11560836E+02 FREQ= .30248236E+02

ROUGH FRQN( 2): .24929665E+02: .39676701E+OIHZ

ICROSS: 9

DIFFERENCE VALUE(11): .75895236E-01 FREQ: .94929665E+02
ICROSS: 10

DIFFERENCE VALUE(12): .15826925E-01 FREQ= .24964343E+02
DIFFERENCE VALUE(13)= .32953923E-02 FREQ= .24971572E+02
DIFFERENCE VALUE(14):, .66740138E-03 FREQ: .24973075E+02
DIFFERENCE VALUE(15)= .17710266E-03 FREQ= .249733SOE+02
DIFFERENCE VALUE(16)= -. 22733404E-04 FREQ= .24973461E+02
ICROSS: 15

DIFFERENCE VALUE(17): .47282049E-04 FREQ: .24973452E+02
ICROSS: 16

DIFFERENCE VALUE(1)t .14763141E-04 FREQ: .24973459E+02
DIFFERENCE VALUE(19)= .30237404E-05 FREQ= .24973459E+02
DIFFERENCE VALUE(20)= .59870047E-06 FREQ=, .24973459E+02

FINAL FRQN( 2): .24973459E+02: .39746402E+OIHZ INTERP: 10

RUN EMIB25 F...... ' AL VA -LUES

Sample- Output for Second Mode

Figure 23
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Computation of Eigenmodes and Stress Values

Lines 1-57 represent the input section of EM825 (refer to

Figures 25 and 26), which is based on the initial data set EMB1OR,

the output files MBIOW2 and MBlOW3 of EMB1O and the output files of

EMB15/20. The program computes (VAL(I,L),I=l,6),L=l,LSUM+NSS+2) re-

presenting the four components of the state vectors plus the maximum

bending and average shear stresses at each of the 53 values of dis-

tance DIST(L) from the left-hand support. The beam as partitioned

by the point loads and property jump discontinuities is shown in

Figure 24, which also shows the 53 stations corresponding to the L

values. At each discontinuity, L is incremented to account for

shear force change due to the point load as well as for stress

changes due to the possibility of variations in cross-section- pro-

perties PAR(5-7,J). The latter occur at L=22,23 and L=37,38; the

remaining 10 discontinuities do not affect stress values as they

correspond to changes in distributed load, material density or elas-

tic modulus PAR(2-4,J). VAL(I,L) are first computed on the basis

of existing state vectors, i.e. the STAMAT values as read in. The

largest deflection (in absolute value) is then found (VALMAX) and

compared with unity to form RATIO. The appropriate normalized com-

ponent of Zl, either W or V, is then multiplied by RATIO and a new.

series of state vectors obtained through the $USE EMB21 monitor

line. These renormalized values are returned to statement 119 and

a new sequence of VAL(I,L) obtained which will contain a maximum

displacement of + 1 inch.

Lines 59-69 establish the number and length of the subspan

segments, XNOSEG(J) and SUBSEG(J) respectively; a maximum of 20

segments is assured (line 50), but this may be varied by the user

at will. For the given beam no subspan>SSUM/20, hence XNOSEG(J)

=2 for all J. Line 71 establishes the limit of L, LIM2, as the

sum of the number of subspans NSS, the total number of segments LSUM,

plus one station for each end of the beam. Lines 73-75 initialize

VAL(IL) using the. state vector as read in or returned by EMB21.

In line 81 J=IPAR(1,K) means that VAL(I,L) are to be computed for

47



the right side of a point load, and if NSS<IPAR(l,H) lines 85-87

compute the VAL(I,LIM2) and control passes to statement 103. If

JOIPAR(1,K) lines 93-97 compute the VAL(I,L) for the left side of

a general subspan. Lines 99-147 are involved in the computation of

VAL(I,L) for all the remaining stations within a subspan. SPAN is

a summer of the segment lengths for each. subspan and has a maximum

of SS(J). The value of L at the beginning of a subspan is retained

in LSAVE, to which the current SPAN is added to obatin. the corres-

ponding DIST(L) (line 103). As long as M< LIM1 control passes to

statement 44 which considers the possibility of a massless field.

The NO branch causes VAL(IL) to be computed in accordance with

Figure 3-the YES branch in accordance with Figure 2; control then

passes to 42. When M=LIM1 the VAL(I,L) are computed for the right

side of the subspan and J is incremented for the next subspan/point

load.

In lines 149-165 renormalization is performed as described

above, involving the compilation of the additional 1000 characters

of EMB21, producing a total length of about 5400 (about 5300 machine

words). If further modes of interest remain the YES branch of line

177 is takenand a notice printed to rerun EMB15. If NMODE=MINT(NMINT)

=MSHP(NMSHP) the possibility of further support conditions is inves-

tigated in statement 102; the NO branch signifies problem completion.

The YES branch causes a rerun EMB15 notice to be printed.
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FM~R25 4:54 SAT. 09/06/69,

1 $FILE EMBIoR,MB10'Pe,MB10W3,MB15W1 ,M'315W2/MBI5W3
3 DIMENSION NIPAR(7),PARC7,17),IPAR(1,20),SUBSEG(17),SS(17),
5 + XNOSErG(17), COEFM(17),BMATC23,4,4),STAMAT(24,4,1),CfORMATC24,4, 1),
7 + VAL(6 70) DIST(70),A(4) MINT(20)
9 READ(1,h8) 4SS,NOSUP:,NMINt
11 28 FORMAT(4X 315)
13 READC1,29) (§S(I)9I=l,91SS)
15 29 FORMATC4X GF10.3)
17 READ(3,30) (FJPAR(I),I=1,7)
19 30 FORMAT(17X,7I3)
21 NPAR I =NPAR ( I
23 READ(3,31) C(JPAR1, (IPARCII.),I:1 ,NPARI)),SSUM
25 31 FORMAT(//7X,*I4//33XE15.9)
27 READ(2)
29 Dl, 32 I1017
31 'kJPR:"JPAR(I)
33 32 READ(2,,33) (PAR(I,'1,DJ:1,NPR)
35 33 FORMAT(6X,4E15.8)

39 + (COEFM(J)IJ=1,NSS)
41 16 F0RMAT(6XK,12,14X,12,5X,I2,8X,12/9X.,4F4.1/(l IX, E15.8))
43 LIM=PJSS+NPARC1)

47 DO 19 J=I,LIM
49 RFAW)5,35) A(1),AC2); 35 FrORMAT(AG/A6)
51 D13 19 XK 1,4
53 REAT)C5,20) (BMAT(J,K,L),L=1,4),,STAMýT(J+I,K,1)
55 20 FORMAT(4EI4.8,X,E14.9)
57 19 CONTINUE
59 SEG=:SUM/20.; LSUM=ITER=0
61 D- 1 IJ:1,NSS
63 IF(2-FIX(AIINT(SS(J)/SEG))) 13,10,10
65 10 X40SEG(J)=2; GO TO 17; 13 XNOSEG(J)=AIN1T(SS(.J)/SEG)
67 17 LSUM=LSUM+FIX(XNOSEG-,(J))
69 1 SUBSEG(J)=SS(J)/XNJ0SEGCJ)
71 LIM2=LSUM4-NSS+2
73 119 DO 50 K=1,4; VAL(K,1)=STAMAT(1,K,l); VAL(5,1)=VAL(3,1)*
75 +PAR(7,1l)/PARC5,1); 50 VAL(6,1)=VAL(4,1)/PAR(6.1)
77.K=1; L=2; J=0; DIST(1)=0.
79 12 J=J+1; DIST(L)=DIST(L-1)
81 IF(d-IPAR(1,K)) 3.4.3; 4 IF(NSS-IPAR(1,IO)) 9.2,2
83 2 DO 5 I=1,4; 5 VAL(I,L)=STAMAT(J+K,I,1)
85 VAL(5,L)=VAL(3,L)*PAR(7, J)/PAR(5,J)
87 VAL(6,L)=VALC4,L)/PAR(.6,J); K=K+1; GO TO 9
89 9 DO 15 I1#14; 15 VAL(I,L)=STAMAT(J+K,I.1)
91 VAL(5,L):VAL(5,L-1); VAL(6,L)=VAL(4,L)/PAR(6,J-1); Go TO 103
93 3 DO 14 1=1,4; 14 VAL(IL)=STAM4AT(J+K-1,I,1l)
q5 VAL(5,L)=VAL(3,L)*PAR(7,J)/PAR(5 ,J)
97 VAL(6-,L):VAL(4,L)/PAR(6,J)

99 SPAfJ:0.; LIM1=X'40SEG(J); LSAVE=L; M=0
101 EI=PAR(4,J)*PAR(5,J); 42 M=144-; SPAN:SPAPN+SUBSE'3(J); L=L+1
103 DIST(L)=DIST(LSAVE)+SPAN
105 IF(LIM1-M) 44,40,'44; 40 DO 43 I=1,4; 43 VALCI,L)=STAMAT(.J+X,I,1)'
107 VAL(5.L) =V4L(3.L)*PAR(7.d)./PAR(5.J):, VAL(6.L)=VAL(4.L)/PAR(fi.J)

Program EM825
Figure 25 50



10,ý LfL+1; GO T-1 12; 44 IF(PAR(3,J)-.0001) 6,-6,7
111 6 VAL(1,,L)=VAL(1,L-1)+VAL(2,L-1)*SPAN
113 + +VJAL(3,L-1 )*SPAN**2/(2.*EI)+VAL(4,L-1)*SPAN\**3/C6.*EI)
115 VAL(2, L)=VAL(2,,L-1)+VAL(3 L-1)*SPAN/EI+VALC4,,L-1)*SPAN**2/(2.*EI)
117 VAL(3,L)=VAL(3,,L-I)+VALC4,L-1)*SPAN
jigc VAL(4,,L) :VALC4,L-I); VAL(5,L)=VtAL(3,L)*PAP(7,J)/PAT?(5,J)
12-1 VAL(6 L)=VAL(4,L)/PAR(6,J); Go TO It
123 7 T:COEFM(J); ARG=T*SPAN
125 'J:(EXPCARG)+EXP(-ARG))/2.; V=C0S(ARG)
127 X:=(EXPCARG)-EXPC-ARG))/2.; Y:SINCARG)
129 W:U-V: Z:X-Y
131 VAL(1,L)=.5*(VALCI,LSAVE)*(U+V)+VALC2,LSAVE)*CX+Y)/T
133 + +VAL(3 ,LSAVE)*W/(EI*T**2)+VAL(4,LSAVE)*Z/(EI*T**3))
135 V.ALC5,L):.5*(VALC1,LSAVE)*W*EI*T**2+VAL(2,LSAVE)*Z*EI*T
137 + +V.AL(3,LSAVE)*(U+V)+VAL(4,,LSAVE)*(X+Y)/T)*PAR(7, J)/PARC5,J)
139 VAL(6,L)=.5*(VAL( I,LSAVE)*(X+Y)*EI*T**3+VAL(2,LSAVE)*W*EI*T**2
141 + +VAL(3,,LSAVE)*Z*T+VALC4,LSAVE)*CU+V))/PAR(6,J)
143 11 IF(LIM1-M) 41,41,42
145 41 L=L+1
147 GO TO 12
149 103 VALMAX:0.; DO 104 L=1,LIM2
151 104 VALMAX:AMAXICABS(VAL(1,L)) VALMAX)
153 PRINT 177,VALMAX; 177 FORMAT(7HVALMAXz,E15.9)
155 IFCABSCABS(VALMAX)-1.)-.001) 110,110,111
157 111 RATIO=1./VALMAX
159 GO T0C1079107 107,107,107, l0s,1109,109,108,109), NATSP
161 107 M=1; Go T; 109; 108 M=4
163 109 STAMAT(1,M,.1)=RATIO*STAMAT(1,M.1); ITER=0
.165 $USE EMB21
167 110 PRINT 178, RENORMALIZED MODAL VALUES FOR NMODE=",NrIODE
169 178 FORMAT(I2/71HDIST ALONG BEAM DEFLECTION RENDING
171 + STRESS SHEAR STRESS)
173 PRINT 179, (DIST(L),,VAL(1,L),,VAL(5,L),VALC6,L),L1I,LIM2)
175 179 FORMAT(E15.8 4X E15.994XIE15.8,3XPE15.8)
177 IF(MINT(NMINT)-'NMODk)102,,102,100
179 100 PRINITF"RERUN EMIB15 F-IR NEXT MODE"
tR1 GO TO 99
183 102 IF(NOSIJP-II) 98,99,101; 98 PRINT-"PROBLEM COMPLETED"; GO TO 99
1P5 101 PRINTA"RERUN EMB15 FOP NEXT SUPPORT CONDITION"
18S7 99 CONTINUE
1In $OPT SIZE
191 END

LENGTH
ABOUT 4400 CHARS.
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Flow Chart of EMB25

Figure 26

READ

\ EMEB3OR , MB1W2,DO'I=,
ME81OW3,MB15Wl,
MB15W2,MBI 5b3 CMUE A(,)

SEG=SSUM/20.
LSUM=TTER=O90

DO 1DO1 =4

J=1,N5 COMPUTE: .VAL(I,L),

XNOS~(J=MIT(S(J)SEC AJ-L(5,L) & VIIL(6.,L,

2<UAIET(a SS(J)/XNSEG~a) 3~~JEL 103

10M=LUMno DO EIP~~~ P14RI=114

DO~~ 50 
'-l4MM

13 LNSGJ .COMPUTE: Ug(Vl) F-\zPtNS E(J,),
~JJAL(5,1)(&,LF)L( ,l)(L=L)

XNDIST(L)=AINTT(LSgJJ/)ESpp] 8

DBSTG(L)=DSI(L-)/XOE()
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7
T=COEMa

COMPUTE: tARGC,
U,\il, ,Y

COPJTE ALMJ\X=O.

1043

PRNT\JLM1AX=

=1T I= LODL~-\

101

PRINT AI=.VL Y
"RENRUN EMHT5 FODA NEXLMOE"

-±2(M-ITT(NT(1,) .2/ ~ ~ ~ ~ ~ 3 "POLMCMLTE"RTOSAAT(1,M, 8
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'JALMAX:gemod a5403EO nd Strcss
VALMA= .58)0432+01Jalues for Second Mode

VALMA*X: .1000011 9E+01
9E14ORMALIZED MODAL VALUES FOR NMODE= 2 Figure 27,
DIST ALONG BEAM DEFLECTION BENDING STRESS SHEAR STRESS

.00000000E+01 *17096813E+OO .00000000E+01 .OOOOOOOOE+01
,00000000E+01 .17096813E+00 .00000000E+0O1 *OOOOOOOOE+O1
,17000000E+01 .13963570E+00 .74800825E+00 .42520182E-O1
.34000000E+01 .10630383E+00 -,29724837E+00 .933~35385E-01
.34000000E+01 ,10630393E+00 -,929724937E+00 *93335395E-O1
.4250000,OE+O1 .90139766E-01 .40675727E+02 .4603304'2E+01
.51000000E+01 .73991174E-01 -.22423794E+01 .97509838E+01
.51000000E+01 .73981174E-01 -.22423794E+01 .9236§6611E+02.
.61500000E+01 .54053567E-01 .53549799E+03 *27327400E+02
.72000000E+01 .34259465E-Ot .97672862E+ý03 .31996900E+02
.72000000E+01 .34258465E-01 .97672862E+03 .31996900E+02
.934000000E+01 .11965796E-01 .17632168E+04 .33401524E-+02
.96000000E+01 -.97661641E-02 .24719614E+04 .36110421E4-02
*960000004-+O1 -.97661641E-02 .24719614E+04 .36110421E+02
.10300000E+02 -.P22093538E-OI .29774743E4-04 .36105009E+I02
.11000000E+02 -..34076703E-01 .34829734E+04 .36103775E+02
.11000000E+02 -.34076703E-01 .348~29734E+04 .36103775E+02
.11450000E+02 -,41601325E-01 .39079715E+04 :36095519E+02
.1 1900000E+02 -.49979073E-01 *41329200E+04 *36089912E+02
.11900000E+02 -.49979073E-01 .41329200E+04 .32132053E+02

11~4 0 0 60 5149723-5 4 1-6E- 0 .509 616 0 6E+ 04 .3 20875821E+62a
.1 4900000E+02 -,93553749E-01 .60599947E+04 '032061441E+02
.14900000E+02 -.93553749E-01 .87235964E+03 .76947459E+01
.16600000E+02 -.11602906E+00 .10294320E+04 *76093735E+OI
.'13300000E+02 -.'13816474E+00 .11955995E+04 .75397029E4-01
.19300000E+02 -.13816474E+00 .11955995E+04 *75397O29E-I-1
.1!3700000E+02 -.14331823E+00 .12217342E+04- .75215105E+01
.19100000E+02 -,14844937E+00 .12579511E+04 .750397q3E+OI
.19100000E+02 -,14844937E+00 .12579511E+04 .75-039793E+OI
.20450000E+02, -.16559399E+00 4,13462522E+04 .33249495E+01
.21900000E+012 -.19245923E+00 .14929485E+04 -.44696274E+00
.21900000E+02 --18245923E+00 .1492484~5E+04 -.51637540E+O.1
.22850000E+02 -:195-37445E+00 .13934587E+04 -.90741955E+01
.23900000E+02 -.20911463E+00 .13434725E+04 -.12738841E+02
.23900000E+02 -.20911463E+00 .13434725E+04 -*12738841E+02
.24950000E+02 -.22048921E+00 .11553423E+04 -.17175322E+02
.26000000E+02 -,23235639E+00O .10107633E+04 -.21374701E+02
.26000000E+02 -.23235639E+00 .94257230E+05 -,35624502E+03
.26550000E+02 -,21418935E+00 .71925209E+05 -.3966ý6836E+03
.27100000E+02 -,15263101E+00 .60441613E+05 -.42806465E+03
.27100000E+02 -.15263101E1-00 .60441613E+05 -,42906465E+03
.28650000*E+02 .10943920E+00 .18995358E+05 -,44156728E+03
.30200000E+02 .39777000E+00 -.79795392E4-04 -.46541155E+63
.30200000E1-02 .39777000E+00 -.79795392E+04 -,46541155E+03
.31150000E+02 .56774915E+00 -.34404013E+05 -.46526305E1-03
,32100000E+02 *719910S0E+00 -.60931994E+05 -.46516810E+03
.32100000E1-02 .71891080E1-00 -.60931994E+05 -.54045866E+00
.32950060E+02 .82907431E+00 -,60954241E1-05 -,32739883E1-00
.33900000E+-02 .91054772E+00 -.60994404E+05 -. 15306567E+00
.33900000E+02 .91054772E1-00 -.60984404E+05 -.15306567E1-00
.34900000E+02 .97764322E+00 -.60991760E+I05 -.68837025E-01
.36000000E+02 .10000119E+01 -.61003762E+i05 .39500943E-02
.36000000E1-02 .10000119 E+01 .-.61003762E+05 .39500943E-02

RE~RUN EM915 FOR N4EXT MODE
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